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Switch  Interface  for  Monochromator 
and  Radiometer 


7.  Introduction 


I  hi'  report  provides  .1  detailed  description  of  ,1  digital  interface  unit  which, 
when  iN'd  in  conjunction  with  .1  Data  Translation  32  bit  input/ output  (I/O) 
board  II],  enables  an  IBM  compatible  personal  computer  to  control  an  optical 
monochn>mator  j2|  and  too  optical  radiometers  |3|.  It  could  also  be  used  ti> 
control  other  equipment  containing  digital  input  and  output  (I  O). 

I  he  optical  monochromator  and  the  radiometers  were  used  to  obtain  optical 
retlectaiue  and  absorhutwo  mtonuatinn  about  materials  and  'or  equipment. 

Both  the  monoi hromaior  and  the  r.idiometers  were  manutactured  by  Optronics 
I  aboratone-  Iik  ■  irporated  |2j  I  igurc  I  shows  .1  common  configuration  ol  the 
iiioihh  hromatoi  and  radiometers  In  this  configuration  a  white  light  source 
illuminates  the  entrance  'lit  to  the  monochromator.  The  monochromator  splits 
the  incident  light  into  .1  colour  spectrum.  A  narrow  wavelength  band 
r  in  mm  depending  on  sht  width)  of  light  exits  the  monochromator  and  is 
directed  at  normal  itu  idence  onto  a  specular  optical  surface  or  device.  Before 
this  however.  ”0  ■  ot  the  light  is  split  off,  by  means  of  a  beam  splitter,  onto 
the  detector  ot  radiometer  number  1  Ibis  radiometer  reading  is  proportional 
to  the  power  ot  the  nu  ident  light  upon  the  sample.  The  light  reflected  ott  the 
sample  is  due.  ted  In  the  beam  splitter  into  the  detector  ol  radiometer  number  2 
whose  reading  is  piopottion.il  to  the  power  ot  the  reflected  light  from  the 
sample  I  heietore.  the  1  .it  10  ol  the  signal  from  radiometer  No.  2  oxer  the 
signal  irom  la.iieinelei  \o  i  is  directly  proportional  to  the  reflectivity  ol  the 
simple  I  sine  a  vnlilnated  mirroi  at  position  AA  (big.  I)  or  a  calibrated 
beam  splitter,  an  ex.n  t  measure  ot  the  retlectiv  it\  can  be  obtained 


figure  1:  i  ,'nnni'ii  iOH*ixur,ith»i  lh>  'i!i"HVhiwn.tl<'r  and  r,iJi,mu’hr. 

I’reviotislv.  tin.’  contigurntiou  m  I  igure  1  minus  oiw  r.uhometer  wns  nttnched 
!i>  ,1  I  lewlett  I’ncknrd  ht>B  ivinputiT  |  I]  which  used  binnrv  coded  decimnl  (BCD) 
input  cnrds  |"'j  ti>  1 1  >n  tml  the  monoi  i  i:  om.itor  nnd  else  to  eel  lei  t  dntn  horn  the 
i 'tie  r.idiemeter  .md  the  monm  hromntor.  A  comprehensive  progrnm  in  III’ 
B.isic  written  in  kemiett  [~|  en.ibled  .)  nun  et  u  selected  wnvolenglh  rnnge  te  be 
ebt. lined  nnd  the  d.it.i  te  be  stered  und  grnphicnlh  displ.ived.  Since  enlv  one 
r.idiometer  und  the  nienec hronint. >r  were  uble  to  be  connected  to  the  computer 
ut  u  time,  multiple  runs  were  rei| lured  in  order  to  mensure  the  incident  nnd  the 
reflected  light.  lurthermore.  tin  I  ll’Sr>B  computer  system  w  ns  no  longer  tulle 
supported  he  III’  thereby  limiting  future  growth  nnd  future  nulls  mn\  lu  \  ere 
ditticult  to  rep.nr  Accordingly.  it  wns  dei  ided  to  rewrite  the  sottw.ire  in 
lurbo  I’nsinl  (Version  4)  nnd  implement  lontrol  Irom  an  IBM  comp.itible  IV  to 
impnne  nnd  s.ite-gunrd  the  nutomnted  dntn  ncquisition  procedure  (n| 

Both  the  rmhometers  nnd  the  monochromnlor  use  n  BCD  intertnee.  However, 
it  w  ns  dei  ided  tlml  the  use  ot  the  P.iln  Irnnslntion  >2  bit  I/O  bonrd  nlrendv 
mstnlled  in  some  existing  computers  within  the  Mnterinls  Division  w.is  the  most 
cost  ettective  nnd  prncticnl  wnv  to  proceed.  In  order  tor  three  mnehines  to  be 
controlled,  n  digitnl  switch  intertnee  wns  required  thnt  would  multiplex 
commnnds  nnd  dntn  to  nnd  Irom  the  computer  Multiplexing  w  ns  required 
been  use  there  were  insufficient  lines  ot  communic ntion  (  >2)  to  directly  nddress 
the  three  devices  F  igure  2  shows  the  tmnl  configurntion  nchieved. 

The  follow  ing  Sections  desi  ribe  the  design  of  the  digitnl  switch  intertnee  nnd 
sinnll  moditii  nlions  thnt  were  subsequently  required  on  the  two  rndiometers. 
Appeiid:c“s  1  nnd  2  det.iil  the  mechnmcnl  design  nnd  theelectric.il  circuit 
design  respectively 
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2.  Digital  Switch  Interface 

\  picture  ot  tiir  ilipit.il  swiuh  interlace  is  'hinvn  in  I  n;ure  7.  I'he  unit  is 
mounted  m  .1  standard  instrumentation  case  2h0  mm  ■  7, SO  mm  ■  72  mm 
ni  ■  :v  •  f  Appendix  ii  Heiijiit  of  the  unit  is  !  L*;  It  is  connected  to  (he 
data  translation  I'a.iul  uliun  i'  mounted  in  a  IV  I  rum  the  mar  panel  In  a 
V  v\ ,i \  ribbon  <  able  (_  onneition  In  the  radiometers  anil  monochromator  is 
■li'-i'  made  from  tin-  ivar  panel  In  2r'  uav  ribbon  cables  i .Appendix  I) 


2.1  Electronic  Design 

I  hu  i  i  i  i- 1 1  a !  -u  itch  intert.ii  r  iv.ii  designed  to  enable  a  data  translation  72  bill  (.  > 
boa  id  ( I  >  I  2M  7 1  to  i  mnimnm  a  to  with  up  to  thriv  instruments.  1  hi-'  was 
ai  nun  oil  in  iisino,  tim  e  ol  the  '2  lines  to  control  solid  state  switches  which  in 
turn  a  ilroi  the  tlou  ol  data  to  and  from  the  instruments  In  essence  the  data 
to  and  trom  each  instrument  are  multiplexed  onto  the  72  bit  I/O  port  installed 
m  the  IBM  compatible  IV  il  iv;  2t 


I  i^urt'  ,5:  I'wtuic  i Ilk ■  c/iyjM/  'U'itch  interface  i  front  and  rear  punch). 


Fhi'  communication  requirements  ot  the  monochromator  and  each  radiometer 
were: 

1  ■  the  monochromator  required  IS  data  output  lines,  four  control  input  lines 
and  ground, 

m)  each  radiometer  required  2(1  data  output  lines,  four  control  input  lines  and 
ground 


It  Is  evident  that  it  all  three  instruments  were  connected  on  separate  1  O  lines 
into  the  computer.  70  input  output  (I/O)  lines  plus  three  ground  lines  would 
he  required.  the  logic  levels  were  1  II  tor  all  the  instruments 

I  he  I/O  ot  the  data  translation  hoard  is  configured  as  four  I/O  ports,  plus 
14  ground  lines  Each  port  is  composed  of  eight  digital  I/O  lines.  Any 
complete  port  (ot  eight  I/O  lines)  could  be  switched  by  software  to  an  input  or 
output  mode  All  eight  I/O  lines  in  any  given  port  are  either  all  in  the  input 
mode  or  all  in  the  output  mode  as  mixed  modes  within  any  given  port  is  not 
possible  In  order  to  change  the  state  of  one  output  line,  all  eight  lines  in  any 
giver,  port  are  addressed  even  it  logic  level  changes  are  not  required  for  the 
other  seven  lines  in  that  port. 

For  this  project  the1  l/C)  lines  are  arranged  in  the  following  way;  three  ports 
(total  ^4  I/C)  lines)  were  used  for  20  data  input  lines  to  the  PC,  and  the 


remaining  port  was  used  tor  output  from  the  PC.  Of  these  eight  output  lines, 
four  lines  issue  commands  for  instrument  control,  e.g.  slow  or  fast  wavelength 
scan  on  the  monochromator.  Three  of  the  remaining  four  lines  control  the 
switching  (multiplexing)  of  data  to/from  each  instrument.  Five  I/O  lines  wen 
not  used. 

Figure  4  shows  the  circuit  of  the  digital  switch  I..' erf  ace.  Quad  tri-state 
buffers  (74  I  S  12^)  were  used  for  the  three  banks  ol  digital  switches  Finch 
hank  of  digital  switches  (24  switches  in  each  bank)  controls  the  flow  of  data 
between  the  PC  and  an  instrument,  e.g.  radiometer  1.  Furthermore,  each  bank 
of  switches  has  a  single  control  line  input;  control  line  \1  tor  the 
monochromator  and  R1  and  R2  for  the  respective  radiometers  (Fig.  4).  The 
logic  levels  on  the  control  line  inputs  are  determined  bv  the  outputs:  \P.  RP 
and  R2'  (Fig.  4)  from  the  PC  It  \P  is  low,  RP  and  R2'  high,  then  collection  of 
data  from  and  control  of  the  monochromator  can  occur  as  the  outputs  on  the 
other  instruments  are  switched  off  In  a  similar  manner,  inputs  RP  and  R2 
relate  to  radiometers  I  and  2  respectively.  However,  to  avoid  a  condition 
where  two  or  more  control  inputs  go  low,  therein  causing  a  conflict  (shorting 
ot  outputs*,  some  switch  control  logic  was  employed  (integrated  circuits  |  )|u 
anil  1)20,  Fig  4i.  I  In'-  control  logic  ensures  that  all  the  correct  switching 
commands  described  above  are  acted  upon.  All  other  switching  command 
combinations  received  from  the  PC  will  switch  M.  R1  and  R2  high  therein 
causing  the  radiometers  and  the  monochromator  to  be  electronically  isolated 
from  the  PC  Hie  occurrence  ot  any  illegal  command  w  ill  be  indicated  bv  the 
I’C  being,  in. able  to  collect  nnv  data  from  or  control  the  instrumentlsi  addressed 

I  he  tour  instrument  control  lines  d  ig  4)  allow  control  of  either  radiometer  o: 
the  monochromator  I  he  reader  is  referred  to  references  2  and  o  for  detailed 
intormation  on  the  control  commands 

Appendix  2  contains  the  printed  circuit  board  design  detailing  the  circuit 
i  omponenls  and  their  lav  out 


.3.  Modifications  to  the  Radiometers 

3.7  Description  of  the  Problem 

In  the  design  stage  ot  the  I url >o  I ’a-cal  i ontrol  sol tu are  | n |  it  was  doi  ided  to 
change  tlu  data  >  ollei  ! ion  pioced lire  implemented  in  tile  original  IIP  P.isu 
program  |.  ]  Hie  original  soil  ware  produced  a  lontmuous  scan  ot  the 
monochromator  and  at  regular  intervals  the  wavelength  would  be  read  troni  tin 
monochromator  followed  bv  the  radiometer  reading.  Fills  procedure 
introduced  an  error  that  was  dependent  on  the  rate  of  the  wavelength  scanning 
(slow  or  last)  and  the  resolution  (sht  width  used)  of  the  monochromator 
because  there  was  a  finite  time  delay  between  reading  the  wavelength  and  then 
requesting  and  receiving  a  reading  from  the  radiometer  Itais  delay  meant  that 
the  monochromator  had  moved  on  from  the  wavelength  recorded  when  the 
radiometer  was  requested  to  hold  and  transmit  a  reading.  With  the  furthoi 
introduction  ol  another  radiometer  this  error  could  onlv  increase  it  the 
procedure  was  not  changed  to  remove  the  delav 


I  he  Minnie  reined  v  wa  ,  to  have  the  monochromator  scan  performed  in  a 
multitude  of  small  steps  l  or  example,  at  the  start  ot  the  computer  program 
the  wavelength  would  be  read  and  both  radiometers  would  also  be  read  1  he 
monochromator  would  then  be  directed  bv  the  software  to  increment  a  small 
amount  and  then  stop  All  three  instrument  readings  would  again  be  obtained 
bv  the  PC-  This  procedure  was  repeated  over  the  lull  range  ot  the  scan 
required  therebv  remeving  the  reading  delay  error  between  the  monochromator 
reading  and  the  radiometers. 

However  in  overcoming  measurement  errors  bv  modifying  the  computer 
program  controlling  the  mechanical  method  of  measurement,  another  source  ot 
potential  instrument  error  (not  including  detector  accuracy)  became  evident.  In 
each  radiometer,  the  analogue  to  digital  (A  ID)  convertor  would  sample  and 
hold  its  respective  detector  signal  and  then  convert  it  to  a  digital  format  suitable 
for  transmission  to  the  PC  This  sample,  hold  and  conversion  process  within 
the  A  1)  is  controlled  bv  an  internal  clock  cycle  It  the  A  I )  convertor-  are  not 
sampling  data  at  the  same  time,  the  readings  obtained  could  lead  to  large  errors 
especiallv  where  input  signals  to  the  monochromator  are  changing  rapidly.  In 
order  to  ensure  this  could  not  happen,  each  radiometer  was  modified  slightly  so 
that  thev  could  be  linked  together  in  a  master  slav  e  configuration  in  which  the 
data  sampling  became  synchronous.  The  modification  involved  introducing  a 
small  circuit  into  each  radiometer.  Ibis  modification  is  described  in 
Section  '  2 

synchronisation  ot  the  radiometers  with  the  monochromator  was  not  a 
problem  because  the  wavelength  reading  was  obtained  dircctlv  from  a  shall 
encoder  on  file  drive  met  bunisin  attei  it  had  stopped 

3.2  Radiometer  Circuit  Modification 


I  lie  modification  ot  the  radiometers  was  slighth  complicated  vine  to  the  tact 
that  although  the  two  radiometers  were  the  same  models,  the  manufacture!  hud 
modified  the  uicuitrv  between  the  purchase  dates  ot  the  radiometers  Die 
analogue  to  digital  lA  l  b  convertors  m  each  radiometer  were  different  I  he 
mam  difference  ot  concern  was  the  timing  ot  A  I)  conversion  initiation  pulse 
I  lie  radiometer  s  \  s-p2t)2  used  an  It  I  710  A  l>  w  hic  h  generated  an 
internal  A  P  conversion  initiation  pulse,  whereas  the  second  radiometer, 
s  \  SS2tH>2>"-».  used  an  Ik  I  71,'"’  A  I)  which  required  an  externally  generated 
pulse  to  initiate  an  A  I)  conversion 

I  he  modification  implemented  involv  ed  using  the  rising  edge  of  the  bust 
output  pulse  of  the  Ik  1  7I  .'S  to  generate  a  1  ms  pulse  to  the  Ik  I  7101  to 
synchronise  the  radiometers  Figure  7  shows  the  circuit  used.  The  rising  edge 
ot  the  busy  pulse  from  the  Ik.  I  7lw  is  transformed  into  a  1  ms  pulse  using  a 
74221  dual  monostable  Ibis  pulse  is  transmitted  to  the  second  radiometer  bv 
coaxial  cable  from  the  rear  of  the  first  radiometer  Isolated  B\'k  sockets  and 
an  opto  isolator  receiver  were  used  to  avoid  any  potential  problems  from 
ground  loops  A  simple  toggle  switch  on  the  rear  ot  the-  second  radiometer 
17  \  S70202)  enabled  the  user  to  synchronise  the  A/T)s  producing  a 
master  skive-  situation.  A  light  emitting  diode  mounted  on  the  front  panel  of 
the  radiometer  indicated  the  slave-  mode. 


switch  interface  unit 


4 


Summary 


A  digital  switch  interface  has  been  constructed  enabling  an  IBM  compatible  PC 
to  multiplex  control  to,  and  the  data  acquisition  from  two  radiometers  and  a 
monochromator  In  addition,  the  general  design  ot  the  switch  interface  enables 
it  to  be  used  hv  a  PC  to  control  atn  other  three  instruments  where  a  digital 
interlace  tTTl.  level)  is  used. 
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